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and Flaviana Gottardob
aDepartment of Veterinary Sciences, University of Torino, Grugliasco, Italy; bDepartment of Animal Medicine, Production and Health,
University of Padova, Legnaro, Italy; cO.P.A.S. Coop – Organizzazione di Produttori Allevatori di Suini, Carpi, Italy
ABSTRACT
Pain alleviation associated with surgical castration of piglets is a debated welfare issue. The pre-
sent study compares the effect of different protocols involving analgesia and/or anaesthesia or
sedation suitable under field conditions, with the aim to alleviate pain due to castration in pig-
lets. A randomised within-litter design, with 50 replicates, compared 7 treatments applied 10min
before castration: HAND: positive control, handling only; CTRL: negative control, physiological
saline, i.m.; MEL: meloxicam, i.m.; AZA: azaperone, i.m.; PROC: local anaesthesia with procaine and
adrenaline, subcutaneously; AZA-MEL: joint administration of azaperone and meloxicam; PROC-
MEL: procaine and meloxicam. Efficacy of pain relief was assessed during a 180min period after
castration by serum cortisol and glycaemia, algometry and behaviour. CTRL, AZA, PROC and
AZA-MEL piglets showed an increase in cortisol concentration 60min after castration compared
to HAND. Both groups with azaperone (AZA and AZA-MEL) developed concentrations even
higher than CTRL (p< .001). HAND treatment showed cortisol levels comparable only to MEL and
PROC-MEL (p> .05). CRTL and PROC piglets reacted to the algometer at an average lower pres-
sure than HAND (p¼ .03), differently to the other treatments that showed similar skin sensitivity
to HAND (p> .05). No differences in glycaemia and behaviour were observed among treatments.
The results suggest that using meloxicam alone might offer a promising option in reducing the
expression of pain-related parameters in piglets after surgical castration, however, it appears
more efficient when used alone than in association with the anaesthetic agents tested. Procaine
administered alone and azaperone seems unsuited to the purpose considered.
HIGHLIGHTS
 Meloxicam used alone is suggested for reducing the expression of pain-related parameters in
piglets after surgical castration;
 When a protocol using procaine is used on the farm during piglets castration, the association
with meloxicam reduces some pain-related indicators;
 Procaine administered alone and azaperone seems unsuited to manage pain after surgical
castration of piglets.
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Public opinion considers surgical castration of male
piglets without pain relief to be a violation of the ani-
mal’s wellbeing and integrity, even if it is permitted
by the EU regulation in force when the animal is less
than 7-days-old (Council Directive 2008/120/EC). Partly
for such reason, the issue of castrating young boars
has grown in importance in recent years. The
European Commission succeeded in securing a volun-
tary agreement (European declaration on alternatives
to surgical castration of pigs 2010) with major
stakeholders in the pig industry that required anal-
gesia and/or anaesthesia for surgical castration at any
age as of 1 January 2012, specifying that surgical cas-
tration must cease entirely by 1 January 2018.
However, a derogation for pig meat registered under
guaranteed traditional specialities, with geographical
indications, and pig meat produced for traditional
high-quality products were introduced to meet current
quality standards, so these productions should con-
tinue to castrate piglets even after the 2018 deadline.
The complexity of the subject poses an enormous
challenge to all concerned: public opinion, pig
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producers, animal welfare organisations, and consum-
ers. Considering that pig meat taste and odour is a
very important aspect that consumers take into
account when buying pork and that meat from entire
males might have an unpleasant boar taint, castration
becomes a drastic market-driven choice, not a pro-
ducer’s decision. In addition, to involve many different
parties in the pork supply chain, the practical aspects
related to surgical castration management are com-
plex and multi-faceted.
As reviewed by Dzikamunhenga et al. (2014), most
previous research has considered one or two analgesic
or anaesthetic treatments whereas a more recent
study compares the effects, benefits, and limitations of
different approaches and products farmers can use to
alleviate the pain experienced by piglets in parallel
and under the same conditions (Gottardo et al. 2016).
Investigations on the effects of analgesia and anaes-
thesia administered together however are limited in
the literature (Hansson et al. 2011; Bonastre et al.
2016; Burkemper et al. 2020).
The aim of this study was to assess the efficacy in
pain relief of different analgesic, anaesthetic and seda-
tive agents administered alone or in association in pig-
lets undergoing castration within the first week of age
by evaluating behaviour, algometry, serum cortisol,
and glycaemia. The analgesics, anaesthetics and seda-
tives tested were selected on the basis of the efficacy
reported in the literature and real applicability under
field conditions (see below in the discussion).
Materials and methods
The present study was conducted under field condi-
tions during routine animal management and proce-
dures observing the EU Directive 2008/120 laying
down minimum standards for the protection of pigs.
The protocol was, submitted and tacitly approved by
the ethical committee of the University of Padova. The
study took place between February and April at a
commercial farm in Italy. The study was conducted on
a commercial pig farm rearing 400 sows located in
northeast Italy (Carmignano di Brenta, Padova, Italy).
The piglets were of commercial hybrid genotype (75%
Large White, 25% Belgian Landrace). The farrowing
barn consisted of eight identical rooms; each room
held 12 farrowing pens, with two rows of six crates
separated by a corridor. Ventilation and temperature
were automatically controlled by fans and air heating
to keep the room temperature constant at 21 ± 2 C;
the light/dark cycle was 8/16 h. The farrowing crates
(1.5 2.0 m) had fully-slatted floors of wire mesh
covered with rubber. Piglets were allowed access to a
creep area heated by a 150W radiant infra-red heat
lamp (Philips, Milan, Italy) with shredded paper as
bedding material. Immediately after farrowing, foster-
ing was performed between litters according to litter
size and piglet BW. At the time of data collection, the
piglets were four days old and had not been exposed
to any previous husbandry procedures such as tail
docking or tooth resection.
Experimental design and treatments
A randomised block design was used with 7 treatments
applied in parallel within the litter. These comprised of:
HAND: positive control of handling only that simulated
a surgical castration procedure with restraint and
manipulation of the scrotum; CTRL: negative control of
castration without pain relief but with a physiological
saline i.m. injection; MEL: castration was carried out
after an intramuscular injection of meloxicam
(MetacamVR 5mg/mL, Boehringer Ingelheim Vetmedica
GmBH, Ingelheim, Germany); AZA: castration was car-
ried out after intramuscular injection of azaperone
(StresnilVR 40mg/mL, Elanco, Sesto Fiorentino, Italy);
PROC: castration was carried out after pain relief using
local anaesthesia administered subcutaneously (a solu-
tion containing procaine and adrenaline: AticainVR ,
40mg/mL, 0.036mg/mL, Ati, Bologna, Italy); AZA-MEL:
castration was carried out after two intramuscular injec-
tions, one of meloxicam, the other of azaperone; PROC-
MEL: castration was carried out after intramuscular
injection of meloxicam and a subcutaneous injection of
procaine. The nonsteroidal anti-inflammatory i.m. injec-
tion (MEL), local anaesthesia s.c. injection (PROC), seda-
tive i.m. injection (AZA), and their combination (AZA-
MEL; PROC-MEL) were administered 10min before cas-
tration. The treatments are detailed in Table 1.
Meloxicam and azaperone injections were given intra-
muscularly in the neck (21G  12.7mm needle), pro-
caine injection was made subcutaneously in the scrotal
area with a double-needle syringe overlaying each tes-
ticle. After injection, the piglets were returned to a box
under the heat lamp in their nest until gathered
for castration.
The study involved a total of 50 litters. Each was ran-
domly selected from among litters containing at least 7
healthy male piglets (not cross-fostered) at 4days post-
partum for a total of 350 piglets. Data collection was
performed on 12 different castration days, during which
a maximum number of 5 litters was evaluated. In order
to avoid any influence by the castration session or to
the litter, all 7 treatments were contemporarily tested in
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each litter (one piglet per treatment in each litter).
Piglets were individually identified by numbers on their
back with a non-toxic marker 20min before their surgi-
cal or sham castration simultaneously to the first data
collection time-point where required (see below).
Surgical or sham castration of each piglet was always
performed by the same experienced veterinarian (blind
to the treatment group excluding HAND) in less than
30 s. The castration procedure began with the restraint
of the piglet in a head-down position and immobilising
it between the legs of the operator. A 1 cm-long incision
was made over the first testicle using a scalpel, the tes-
ticle was pulled from the scrotum and exteriorised. The
spermatic cord was severed by cutting. The same steps
were then repeated for the second testis. Chlorhexidine
antiseptic was then applied to the wound site. Piglets
were castrated according to the sequence of administra-
tion of the experimental treatments and after castration
were all accommodated together in a plastic box with
sawdust bedding in the corridor of the farrowing room.
They were all then returned to the farrowing crate under
the heat lamp at the same time after litter processing.
Pain evaluation was assessed using a multidisciplin-
ary set of measures including serum cortisol, skin pres-
sure sensitivity, and behaviour. In order to avoid any
influence by the different manipulation of the piglets
required for each different parameter, the 50 litters
were divided into three groups of evaluation: details
and timing of these assessments are summarised in
Table 2 and in the next sub-paragraphs.
Blood collection
Three blood samples were taken from each piglet of
the 18 litters by puncture of the cranial vena cava.
Blood samples were associated with routine Porcine
Reproductive and Respiratory Virus testing and Porcine
Circovirus type 2 on the farm, therefore no additional
sampling for each piglet was required for the study.
At the time of first sampling, 20min before castration
(T-20), serum cortisol level and glycaemia were eval-
uated to provide a baseline value. Blood samples were
also taken from all the piglets at 60 (T60) and 180
(T180) min post-surgery. The samples were taken
Table 1. Summary description of the experimental treatments, timing and type of application, type and amount of products
used (HAND ¼ Handling; CRTL ¼ Negative control; MEL ¼ Meloxicam; AZA ¼ Azaperone; AZA-MEL ¼ Azaperone þ Meloxicam;
PROC ¼ Procaine; PROC-MEL ¼ Procaine þ Meloxicam).
Item HAND CRTL MEL AZA AZA-MEL PROC PROC-MEL




































































Yes Yes Yes Yes Yes Yes Yes
Castration No Yes Yes Yes Yes Yes Yes
Table 2. Summary of the timing of different experimental measures made to evaluate pain in piglets.
Type of evaluation Blood sampling Skin pressure sensitivity Behaviour Total
No. of litters 18 14 18 50
No. of piglets per treatment group 18 14 18 50
Total no. of piglets 126 98 126 350
Timing of the measurement in relation to castration (min):
Before treatments (T-20)  
0 (immediately after, T0) 
Scans every 3min20 (T20) 
60 (T60)  
180 (T180)  
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alternately from the left and right sides of the neck to
minimise tissue damage.
Approximately 1.5mL of blood was drawn into a
2.5mL syringe and then immediately and gently
placed into a glass tube without anticoagulant. The
numbered tubes were placed in a refrigerator at a
temperature of 4 C. At the end of the sampling day,
the samples were transferred to the Istituto
Zooprofilattivo Sperimentale delle Venezie laboratory
(Legnaro, Italy) where they were centrifuged at 2500 g
for 10min and the serum was extracted. The serum
cortisol was quantified by an immunologic chemilu-
minescent kit (LKC01, Medical System, Genoa, Italy).
Glucose concentration (glycaemia) was determined
using the hexokinase method with a dedicated com-
mercial kit applied to the automated clinical chemistry
analyser Cobas C501 (Roche Diagnostics, Mannheim,
Germany). Intra-assay and inter-assay coefficient of
variation was 0.7 and 1.2%, respectively.
Evaluation of skin pressure sensitivity (algometry)
This assessment measured the response of the piglet
to stimulation of the wound site at controlled pressure
and was measured in 14 litters (14 piglets per treat-
ment). The algometer used in the test was the
Pressure Rate Onset Device (PRODPLUS model, Topcat
Metrology Ltd., Ely UK) equipped with a probe with a
4-mm diameter tip (slightly blunt) manually set to
small animal mode with an indicated pressure range
of between 0.1–13 kg/cm2 in order to reduce the risk
of lesions of the skin with the application of
higher pressures.
The measurement procedures used in this study
and collection details have been described in detail by
Gottardo et al. (2016). The operator applied increasing
pressure to the skin of the scrotum in three different
points besides the wounds (on the right, on the left,
and between the two wounds) until the piglet showed
a clear behavioural reaction (sudden movement of a
limb, an acute vocalisation, sudden agitation which
decreased instantaneously when the pressure was
removed, or instantaneous contraction of the muscles
of the trunk or neck followed by excitement). In order
to avoid operator variability, measurements were
always taken by the same person. Measurement was
repeated four times on each piglet: the first immedi-
ately before drug treatment and identification (T-20)
in order to obtain a baseline value; the second
15–20min after castration (T20), and the third and the
fourth respectively 60min (T60) and 180min (T180)
after castration.
Behavioural observations
Behavioural observations were made by a one trained
observer. The observer was blind to the type of pain
relief treatment the piglets received. Observations
began immediately after the castrated piglets were
returned from the plastic box to the farrowing crate
and continued for 60min. A scan sampling method-
ology (Martin and Bateson 1993) was used in which
observations were made on each individual piglet at
3min. intervals. The ethogram of behaviours consid-
ered was modified from Gottardo et al. (2016). In add-
ition, latency until movement (time required by the
piglet to start walking after being placed in the far-
rowing crate after treatment) and suckling (time
required by the piglet to start suckling the udder after
placement in the farrowing crate following castration)
were considered (Table 3).
Statistical analysis
All analyses were conducted using SAS (SAS Inst. Inc.,
Cary, NC). Data were analysed based on their
Table 3. Ethogram of behaviours used in the study (modified from Gottardo et al. 2016).
Behaviour Description
Lying Piglet is in lateral (body weight supported by side, shoulder and ribs in contact with floor) or sternal
(body weight supported by belly, sternum in contact with floor) recumbence
Standing Piglet is standing still; body weight supported by all four legs
Sitting Body weight supported by hind-quarters flexed with ischium on the floor and front legs extended
Walking Piglet is in locomotion, moving forward one leg at a time
Suckling Piglet is suckling at the sow’s udder
Isolated Apart from other piglets, alone or with one piglet at the most. A distance of at a lest 40 cm (about the
width of two piglets) separate the animal from the closest littermate
Nest Piglet is in the nest area (with at least half of the body under the cone of light of the lamp)
Resting close to the sow Piglet is lying or sleeping in close contact with the sow
Teat-seeking Attempts to find a teat by walking and pushing other piglets while most of the others are suckling
Pain-related Piglet shows signs of pain including: tremors, rubbing the scrotum area on the floor, hunching the back,
wagging the tail
Latency before movement Time spent by the piglet to start walking once it has been placed in the farrowing crate after treatment
Latency before suckling Time spent by the piglet to start suckling the udder once it has been placed in the farrowing crate
following castration
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distribution (Shapiro–Wilk test for normality). Normally
distributed variables were analysed using a parametric
approach (ANOVA), others with a non-parametric
approach (Kruskal–Wallis test). For both approaches,
post-hoc pairwise comparisons were performed using
Bonferroni correction. For algometer data analysis, the
mean of values collected from the three areas of the
scrotum was used. Serum data and those related to
response following stimulation by algometry were
processed by repeated measures mixed analysis with
the baseline value used as a covariate. The model con-
sidered the effect of treatment (7 levels), time (60min
vs 180min), and their interaction. Piglet within litter
was considered as a repeated effect. The sow was
included in the model as a random effect.
Behaviour data were analysed as the percentage of
scans in which the piglet was seen to exhibit certain
behaviour. Some behaviours (standing, lying down,
suckling, isolated) were transformed into minutes
(considering that each scan lasted 3min) and there-
fore into the time required to perform a certain
behaviour. The ANOVA mixed model included the
fixed effect of treatment and sow as a random effect.
Results
Blood collection
A significant effect of time (p< .001), treatment
(p< .001), and treatment x time interaction (p< .001;
Figure 1) was found for serum cortisol. CTRL group
piglets showed an increase in cortisol concentration at
T60 compared to HAND piglets (200.7 vs 74.0mmol/l;
p¼ .0054). The same increase was also showed by
treatment groups AZA (395.8mmol/l; p< .001), PROC
(305.8mmol/l; p< .001) and AZA-MEL (396.9mmol/l;
p< .001). The increase in serum cortisol level showed
by MEL and PROC-MEL groups was more contained,
and no difference was showed when compared to
HAND piglets. However, no difference emerged also
from the same treatment groups vs CTRL group com-
parison, showing intermediate concentrations. Both
groups with azaperone (AZA and AZA-MEL) developed
concentrations even higher than CTRL group
(p¼ .0019 and p¼ .0026). No difference in cortisol con-
centration was found 180min after castration.
Considering glycaemia, no difference emerged among
HAND (7.16mmol/l) and all the other groups (mean ¼
7.25mmol/l).
Evaluation of skin pressure sensitivity (algometry)
Significant effects of time (p< .001) and treatment
(p< .001) were observed. For all groups subjected to
castration (i.e. except HAND), the mean skin pressure
eliciting a piglet reaction was higher 20min after sur-
gery than those recorded at T60 and T180 (3.01 vs
2.52 and 2.27 kg/cm2 respectively; p< .001).
Differently, HAND piglets showed the same level of
tolerance to pressure at all time-points (T20¼ 3.07 kg/
Figure 1. The effect of treatment on serum cortisol concentration in piglets at different times (T60 and T180) after castration.
Different letters (a, b, c, d) mean significant differences between values. [HAND ¼ Handling; CRTL ¼ Negative control; MEL ¼
Meloxicam; AZA ¼ Azaperone; AZA-MEL ¼ Azaperone þ Meloxicam; PROC ¼ Procaine; PROC-MEL ¼ Procaine þ Meloxicam].
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cm2; T60¼ 2.73 kg/cm2; T180¼ 2.91 kg/cm2; p> .05;
Figure 2). As regards average skin pressure levels,
HAND piglets reacted to the algometer at a higher
pressure than CTRL piglets (2.90 vs 2.19 kg/cm2;
p¼ .03) and PROC group piglets (2.20 kg/cm2; p¼ .03).
The other treatments showed a mid-level tolerance to
skin pressure, without differences between HAND nor
CTRL groups, except AZA and AZA-MEL, which
increased the skin pressure leading to a reaction to
HAND group level (2.91 and 3.18 kg/cm2; p> .05). The
average skin pressure levels for each group are shown
in Figure 3.
Behavioural observations
None of the behaviours recorded showed a significant
difference between HAND and CRTL groups.
Differences emerged only among other treatments; in
particular, groups treated with azaperone (AZA and
AZA-MEL) showed a generally reduced activity
expressed by a higher percentage of time spent lying
(50.33 and 54.50% respectively vs 37.83% of HAND
group) and isolated (7.33 and 9.83 vs 1.67%), and a
lower percentage of time spent standing (8.50 and
5.17 vs 21.33%) and suckling (2.33 and 1.83 vs
12.50%). A greater latency was also shown both
Figure 2. The effect of time on the average maximal pressure applied by algometer to the scrotum and eliciting a response in
piglets after castration (mean of the castrated groups: CTRL; MEL; AZA; AZA-MEL; PROC; PROC-MEL treatments) or handling.
Different letters mean significant differences between values. (HAND ¼ Handling; CRTL ¼ Negative control; MEL ¼ Meloxicam;
AZA ¼ Azaperone; AZA-MEL ¼ Azaperone þ Meloxicam; PROC ¼ Procaine; PROC-MEL ¼ Procaine þ Meloxicam).
Figure 3. The effect of treatment on the average maximal pressure applied by algometer to the scrotum and eliciting a response
in piglets after castration or handling. Different letters mean significant differences between values. (HAND ¼ Handling; CRTL ¼
Negative control; MEL ¼ Meloxicam; AZA ¼ Azaperone; AZA-MEL ¼ Azaperone þ Meloxicam; PROC ¼ Procaine; PROC-MEL ¼
Procaine þ Meloxicam).
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before movement (6.61 and 11.72 vs 0.00%) and
before suckling (47.78 and 50.33 vs 20.06%).
Differently, groups locally treated with procaine (PROC
and PROC-MEL) showed a higher percentage of time
spent expressing pain-related behavioural signs (5.23
and 3.23 respectively vs 0.00% of HAND group). MEL
group showed similar lying behaviour compared to
HAND piglets (34.24 vs 37.83%), and different from
CRTL group (43.33%). Details are reported in Table 4.
Discussion
Starting from the animal welfare implications associ-
ated with surgical castration, alternative methods to
avoid surgical castration such as raising intact boars,
immunocastration, sexed semen, and genetic modifi-
cations have been evaluated as appropriate alterna-
tives (AVMA 2013). However, implementing these
strategies is difficult because some technologies are
not fully commercially available at this time. Moreover,
certain typical swine production systems (e.g. heavy
pig production) exacerbate the risk of boar taint in
the meat because the animals are always slaughtered
after reaching sexual maturity (170 kg of live weight
and at least 9months of age). For these reasons, find-
ing techniques that mitigate the pain associated with
surgical castration in modern industry is still crucial.
This research aims to preliminary assess the efficacy in
pain relief of analgesic, anaesthetic and sedative
agents administered alone or in association in piglets
undergoing surgical castration, in order to identify
effective protocols to test later under field conditions.
There are several classes of analgesic drug that can
be used to control pain; nonsteroidal anti-inflamma-
tory drugs (NSAIDs) seem the most promising for on-
farm use due to their sustainable cost, easy adminis-
tration and the availability of active principles author-
ised for swine (Tenbergen et al. 2014). Meloxicam, in
particular, a member of the oxicam family, seems to
be very effective in inhibiting the COX-2 pathway and
therefore decreasing prostaglandin synthesis
(Engelhardt 1996; Gottardo et al. 2016). Meloxicam is
also the only NSAID currently licenced for post-opera-
tive castration pain of pigs in the European Union and
Canada (EMA 2006; NFACC 2014). In the US, meloxi-
cam can be used to ‘alleviate pain and suffering in
pigs’ under the Animal Medicinal Drug Use
Clarification Act (AMDUCA 1994).
Procaine hydrochloride was chosen as the only
local anaesthetic specifically authorised for swine in
Europe at present. The use of regional anaesthetic
techniques seems to be more economical for handlers
and safer for piglets than general anaesthetic techni-
ques (O’Connor et al. 2014). This drug’s main effect is
the blocking of voltage-dependent sodium channels
and the induction of short-term anaesthesia (Willatts
and Reynolds 1985). The administration of anaes-
thetics by local subcutaneous routes increases cortisol
levels (Z€ols et al. 2006), stress calls, and defense
behaviour (Leidig et al. 2009) after intra-testicular
injection, however, probably due to the stimulation of
mechanical nociceptors by the needle and the volume
injected. Nociception is not blocked immediately
(Haga and Ranheim 2005), and the pain caused by
intra-testicular or funicular injection has been
described by Waldmann et al. (1994) and Zankl
et al. (2007).
Azaperone is one of the most widely used sedatives
in swine (Moon and Smith 1996), and it can be com-
bined with several anaesthetics for the immobilisation
Table 4. Mean percentage of time spent by piglets performing each behaviour and relative p-value among experimental groups
(HAND ¼ Handling; CRTL ¼ Negative control; MEL ¼ Meloxicam; AZA ¼ Azaperone; AZA-MEL ¼ Azaperone þ Meloxicam; PROC
¼ Procaine; PROC-MEL ¼ Procaine þ Meloxicam).
Behaviour HAND CRTL MEL AZA PROC AZA-MEL PROC-MEL p-Value
Lying2 37.83 ± 2.24cd 43.33 ± 2.24bc 34.24 ± 2.03d 50.33 ± 2.24ab 39.50 ± 2.24cd 54.50 ± 2.24a 42.05 ± 2.29bcd <.001
Standing2 21.33 ± 1.90a 15.17 ± 1.90ab 17.20 ± 1.73a 8.50 ± 1.90bc 18.67 ± 1.90a 5.17 ± 1.90c 16.09 ± 1.95a <.001
Sitting1 0.83 ± 1.72 0.83 ± 1.72 0.87 ± 1.39 0.67 ± 1.64 1.50 ± 1.85 0.17 ± 0.71 1.76 ± 2.61 ns
Walking1 9.72 ± 6.75a 5.56 ± 4.16ab 9.58 ± 7.65a 6.39 ± 7.44ab 10.56 ± 8.20a 1.94 ± 3.04b 9.12 ± 7.55a .002
Suckling1 12.50 ± 8.69b 10.33 ± 6.53b 10.62 ± 7.81b 2.33 ± 4.55a 8.50 ± 4.85b 1.83 ± 3.28a 10.23 ± 5.91b <.001
Isolated1 1.67 ± 4.01a 2.00 ± 3.56a 2.50 ± 6.66a 7.33 ± 9.50b 4.17 ± 6.10a 9.83 ± 16.13b 1.94 ± 3.66a .038
Nest 34.67 ± 3.89 37.33 ± 3.89 27.38 ± 3.63 35.67 ± 3.89 33.17 ± 3.89 39.00 ± 3.89 33.11 ± 3.96 ns
Resting close to the sow1 4.83 ± 7.43 7.17 ± 8.98 6.25 ± 8.53 9.33 ± 11.86 6.00 ± 7.20 8.00 ± 13.73 7.76 ± 9.31 ns
Teat-seeking1 0.00 ± 0.00 0.00 ± 0.00 0.42 ± 2.04 1.11 ± 2.14 0.00 ± 0.00 0.83 ± 1.92 0.00 ± 0.00 ns
Pain-related1 0.00 ± 0.00b 0.00 ± 0.00b 1.04 ± 2.94ab 0.56 ± 1.62ab 5.23 ± 8.66a 0.28 ± 1.18ab 3.23 ± 4.31ab <.001
Latency before movement1 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 6.61 ± 15.87a 0.00 ± 0.00b 11.72 ± 23.46a 3.53 ± 14.55ab <.001
Latency before suckling2 20.06 ± 3.49b 24.33 ± 3.49b 18.61 ± 3.39b 47.78 ± 3.49a 23.89 ± 3.49b 50.33 ± 3.49a 24.32 ± 3.56b <.001
Different letters mean statistical difference.
1Kruskal–Wallis test: mean ± standard deviation;
2Anova test: mean ± standard error.
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or premedication of pigs (Heinonen et al. 2009). None
of the general anaesthetics legally authorised for
swine in Europe is easily applicable on large scale in
intensive farms, however, primarily due to the admin-
istration route (i.e. venous or inhalation). Considering
the lack of alternative general anaesthetics, the
authors decided to test azaperone alone or in combin-
ation with meloxicam to verify its use as a valid substi-
tute, even if fully aware of the sedative nature of
the drug.
In the present study, serum cortisol collected
60min after castration and skin pressure sensitivity
were used to successfully identify differing pain
responses between the positive (only handled piglets
– HAND) and the negative control (castrated without
any pain relief – CRTL) groups in agreement with the
literature (Prunier et al. 2005; Llamas Moya et al. 2008;
von Borell et al. 2009; Di Giminiani et al. 2013;
Gottardo et al. 2016). The stress and pain associated
with surgical castration activate the hypothalamic-pitu-
itary-adrenal axis and the sympathetic nervous system,
stimulating the release of adrenocorticotropic hor-
mone (ACTH) that induces secretion of cortisol in the
blood. The disadvantage of the parameter is that the
method of collection is, in itself, stressful for the ani-
mals and may obscure other more subtle pain indica-
tors (Gottardo et al. 2016). Assessing pressure
sensitivity using algometry is a promising alternative
that avoids this inconvenience because it is a non-
invasive method that reflects the inflammatory
response associated with tissue damage capable of
inducing later hyperalgesia (increased sensitivity to
pain) or allodynia (the perception of pain from nor-
mally innocuous stimuli) (Di Giminiani et al. 2013).
Considering both these parameters, meloxicam admin-
istered alone or in combination with procaine before
castration was the only active principle able to main-
tain these pain indicators with no statistical difference
with HAND group, confirming results previously
reported by other authors (Keita et al. 2010;
Tenbergen et al. 2014; Gottardo et al. 2016), even if
the levels expressed by both the parameters are inter-
mediate between HAND and CTRL (no statistical differ-
ence even with CTRL group). However, the use of
procaine without meloxicam seems to be detrimental.
In fact, algometric results suggest the presence of
hyperalgesia in the scrotal area, and cortisol levels
increased 60min after castration. While the former
might suggest the inability of procaine alone to fully
block nociception for a sufficient period of time after
surgical castration, the latter might be related to the
burning perception experienced by piglets at the time
of inoculation of the local anaesthetic due to the low
pH of the solution, as previously reported by
Waldmann et al. (1994) and Zankl et al. (2007).
Moreover, because procaine hydrochloride is an anaes-
thetic drug in the group of esters known to induce
possible local tissue reactions at the site of inoculation
causing side effects such as skin irritation, hives,
dermatitis, and skin allergies in predisposed subjects,
combination with meloxicam might have prevented
the activation of cyclooxygenases and therefore the
entire cascade of inflammation mediators. Similar
results were previously reported by Bonastre et al.
(2016), who observed a significant decrease in cortisol
concentration 20min after castration when prevent-
ively administering injectable local anaesthesia (i.e.
lidocaine) with meloxicam, and Zankl et al. (2007),
who concluded that the intra-testicular or intra-scrotal
injection of several local anaesthetics without any
NSAIDs 15min before castration in pigs did not result
in a significant reduction of serum cortisol. Suggestion
from the present study might be to always associate
meloxicam when a protocol using injectable local
anaesthesia with procaine is used on farm during pig-
lets castration.
Unexpectedly, the use of azaperone alone or in
association with meloxicam seems to be always detri-
mental for the piglets’ physiologic reaction at castra-
tion expressed by cortisol level. Although the authors
were fully aware of the inability of this active principle
to exert its effects on pain-sensitive pathways and of
the way the adrenal response is produced without any
impulse transmission alteration even during a state of
sedation, some degree of synergy with meloxicam was
expected, however. Yet, on the contrary, serum corti-
sol values 60min after castration with azaperone and/
or without meloxicam were clearly above not only
those of the HAND group but also those of the CRTL
group. This finding might suggest the possible
involvement of factors other than those of painful
stimuli perception alone. Donald et al. (2011) reported
that a low dosage of azaperone (1mg/kg BW) induces
positive psychological effects in pigs experiencing
stressful conditions, suggesting the connection
between the use of the active principle and the affect-
ive state of the animals and their cognitive perception
of external stimuli. When used at a higher dosage to
obtain sedative effects, azaperone should be adminis-
tered leaving the pig undisturbed for 20min for best
effect (Clarke et al. 2014). Since pigs treated with aza-
perone are only sedated but conscious and sensitive
to external stimuli, events such as the screams of
roommate castrated piglets, the presence of other
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much more active littermates, and the subsequent
manipulations for castration might have aroused a
state of amplified fear and therefore further stress.
Cortisolemia provides a general indication of an
unpleasant experience, which includes both physical
and emotional components (Mellor and Stafford 1999).
Therefore, the use of azaperone not only showed no
desirable effects in terms of physiological response, it
even caused a worsening. No increased response was
revealed by algometry, probably due to the after-
effect of sedation in itself, with a state of the obtuse-
ness of the sensory perception system that resulted in
delayed and less determined movements
and reactions.
Unfortunately, glycaemia and behavioural observa-
tion fail to show differences between positive and
negative control groups. After a painful event, epi-
nephrine stimulates the mobilisation of muscular
glycogen and its consequent hepatic metabolism,
resulting in an increment of glucose concentrations in
blood (Mayes 1995). The parameter was therefore
expected to vary between treatments and to be
higher in piglets experiencing greater visceral pain.
The lack of a significant treatment effect on glucose
could be due to insufficient hepatic glycogen stores in
4-day-old piglets, as supposed by Prunier et al. (2005),
and the result is an agreement with Lonardi et al.
(2015). The absence of behavioural differences, more
difficult to justify from a pain-related point of view,
might be linked to the high number of treatment
groups involved in the statistical analysis and their
variability, thus reducing the probability of obtaining
significant difference among levels. For hypothesis
testing, the problem of comparing more than two
means consists in the increase of Type I error that
occurs when statistical tests are used repeatedly
(Boole’s inequality). Most behaviours were largely
affected by alterations to anaesthetic drugs, thus
reducing the possibility to investigate smaller changes
in groups without anaesthetics. The analysis showed
only a general reduction of activity and more time
spent in isolation in piglets treated with azaperone
(alone or in combination with meloxicam), as well as a
greater latency between castration and movement or
suckling, and a higher percentage of time spent
expressing pain-related behavioural signs in piglets
treated with procaine when used alone. Regarding
treatment with meloxicam, a result was the similar fre-
quency of lying behaviour compared to handled pig-
lets, differently from the increased frequency of this
parameter in control ones. The reduced time spent
lying of animals treated with meloxicam might
suggest less pain during activity, confirming sugges-
tions previously stated by McGlone et al. (1993).
Conclusions
The study is far from finding the ideal protocol for sur-
gical castration in piglets. The results suggest that
using meloxicam alone might offer a promising option
in reducing the expression of pain-related parameters
in piglets after surgical castration, however, and sur-
prisingly, it appears to be more efficient when used
alone than in association with the anaesthetic agents
tested. For this reason, and based on the European
declaration on alternatives to surgical castration of
pigs (2010) that requires the use of analgesia ‘and/or’
anaesthesia, the final suggestion for farmers based on
the present results is, therefore, to use meloxicam
alone instead of the other tested treatments when
surgical castration of piglets must be carried out. In
the case of farms that are adopting a protocol with
injectable local anaesthesia with procaine, the associ-
ation with meloxicam is strongly suggested to reduce
some pain-related indicators. The lack of anaesthetic
agents specifically registered for swine and easily
administered on large scale limited the investigation
of several other protocols in the field; additionally, the
results suggest that azaperone seems unsuited to the
purpose considered.
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